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Determination of perchlorate migration in food contact plastic products by
large volume injection-ion chromatography

CHEN lJie, MO Man, WEI Kun, YAO Hao-Cheng, LI Dan’

(Guangzhou Customs Technology Center, Guangzhou 510000, China)

ABSTRACT: Objective To establish and optimize a method for the determination of perchlorate (C10,7) migration
in food contact plastic products by large volume injection-ion chromatography (IC). Methods Water, 3% acetic
acid (m:V), 4% acetic acid (V:V), 10% ethanol (V:V), 20% ethanol (V:V), 50% ethanol (V:V), and 95% ethanol (V:V)
were selected as food simulants, and the isocratic elution was performed with a mixture of 14 mmol/L anhydrous
sodium carbonate and 20% acetonitrile (volume fraction) as mobile phases, with an injection volume of 800 uL and a
flow rate of 1.0 mL/min. The separation was performed on a Metrosep A Supp 4 ion chromatography column (250 mmx
4.0 mm, 9.0 um) and a Metrosep A Supp RP Guard guard column (50 mmx4.0 mm, 9.0 um) at a column temperature

of 30 °C with a conductivity detector for the determination and the quantification of the extract by the external
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standard method. Results The method validation results showed that the method was linear with the linear correlation

coefficient of the standard working curve greater than 0.995. The limit of detection was 0.15 pg/kg, the limit of

quantification was 0.50 pg/kg, and the recoveries were 83.2%~99.1%, and the precision was 2.7%~9.1% (n=6).

Conclusion

The method is reliable, convenient, sensitive, has good separation effects, and suitable for the

determination of perchlorate migration in food contact plastic products.

KEY WORDS: perchlorate; large volume injection-ion chromatography; food contact plastics; migration
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1.1 w5

R M (SR O 3 3K R 2 3. RIS 2
KRR 3, BALK: S, BNE_HRL
Mg 3 30 RWERE 2 30): 5 H SEI0 % H Rl o i gE,
WA AHRE TS

1R AR EATER W (P W % 1000 mg/L,  E RN
TR A B A R FD; . R (%Al 1 E
CNW RLEA A, ZBROHIEE, | ML A R A FD);
TOKBRBR AN (B ik al, 3¢ FE PR K /RBHE A ;5218
KR Milli-Q #B4liK; AL IEBECE LR, HAZR 50 mm/AL
2 0.22 um, REHE LA ARAHE), AR IR
HUEME(EA2 13 mm/ALAR 0.22 pm, b ESZ IR (R
HBRAFD.

1.2 UFE5E%

930 Compact IC Flex BT i%{X(lii 863 Compact
Autosampler H AL  MSN-A Rotor [ 2 T {h 2240
. RIS F MaglC 35 1. /E4Y) . Metrosep A Supp 4
%4 (250 mmx4.0 mm, 9.0 um), Metrosep A Supp 4 Guard
LA AE (50 mmx4.0 mm, 9.0 pm)(Fi 1 J7 8 By A F));
Sartorius Quintix ZMTRF-(REE 0.1 mg, FEETELFITAF);
101-3AB R BB KT IRAR (P I R HEZRT R 2R A BR S 1)),
SPH-110X12 #IE LR /K 1 8 (g P S0 5 & PRA
F]); HH-M8 HIZE L AR B (LI G 2R FAER A PR D),
Millipore Milli-Q Reference #A4[/K 2 4t (1 H B 5w 25 BLH A H]);
GM-0.33A B BLAs I IR BB S 501 & 17 IR A A
1.3 XWHE
1.3.1  AREE R ELH

(L)bm A B VA TR P T

B 0.1 mL S ERERARIEA (1000 mg/L)ZE 7 4> 100 mL
b, 2K, 3%, 4%L0R . 10% L. 20%
L. S0%LEE . 95% L BER R IF B 25 R 2B, Bl psT it
WREY N 1.0 mg/L MIFRIEREREIR, 4 °CF % P IRAT-

(2 b F ) P T

Il mL = SRR AR HERA A A (1.0 mg/L) % 71~ 100 mL
S b, VAL P AR 20 A R A AR, 133
TR 10 pg/L (175 S BREFRIE IV, 4 °C M RFE

()R T ARV A B 1

43 T B SRR ER AR HE AW (10 pg/L) 04 0.5, 1.0,
1.5, 2.0, 3.5, 5.0 mL T 10 mL 284, FIAHR O 5
B EA 2 10 mL, Bl EWRE N 0, 0.5, 1.0, 1.5,
2.0, 3.5, 5.0 pg/L MbpiE UAE W, $847, BUECPLA .
1.3.2 AT R

HEBFRIN 2.968 g To/KBRIEREN, FIEBLIKIE G

7%
Ji
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F2LAERMT, FORBIA 1L BLiKH 400 mL 2, #i
PRGHESE T RIBAK ER Z 28 IHEST, B 14 mmol/L ik
FREM+20% ZNE (B B0 R I s ARV ViR, BRECELA, A
AT E 2 R MEA 10 min DA L
1.3.3 ¥4 5/ AR AH)

AL 400 mL WAUK BIIELAN, IHREEZAZ A
20 mL AR, BB R I B IR, R
B 1 LA, FINA 50 mL N, #RHEs. FHH
ARAK E A B2 EE IR AT o BEAL 200 mmol/L B R +5% 1N i
(RT3 25 T AR R, BRI .
134 AF&#ESFMt

{35 H:: Metrosep A Supp 4 754250 mmx4.0 mm,
9.0 um), Metrosep A Supp 4 Guard #3"#(50 mmx4.0 mm,
9.0 um); WENAH: 14 mmol/L JC/KTREREN+20% ZHE (IR FL
B0); WiEE: 1.0 mL/min; AR 30 °C; FEEEMRFR: 800 pL; i
W RS, (b2 iflas: MSN-A; il &5 AR W
200 mmol/L FRER+5%NEH; <5 REVERL
135 HmaE
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P B b P SRR S A AR IR R 1 A R TR RS IR
K. WEFCRES IR AL, L 6:1 (dm*L) A IR Bl 7
RWERBIRE . ML E 3 K, IHES .
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Table 1 Migration test conditions for 7 kinds of food simulants

B (L) TR/ C TR} A /h

K 100 2
3%L R 100 2
4%2. 1% 100 2
10%Z B [ i 3 P 2
20%Z iz I 9 98 7 2
50%Z, [ [ i 3% P 2
95% T 60 2

W BIET, 10%LEE, 20%BE . 50%ZBER 1] 3 kB 430 2 -
90.0. 86.0. 81.2°CP¢,

() B A BL A B
KNSR B LI R b P IR 10 mL iE RS
RIS PRI, A MU e Je st IR B85 15 00

FRPE B AL (3% L FRER 4% LR IZ I A Ab B,
WEFIASEL 10 mL BRI I A2 IR T 28 & A, HER
JIA 10 mL 14 mmol/L Jo/KRRIREMIA M, & F78 kKB
FEEET, A 10 mL KEE . LIEEIIER, 24
HUAE e e =Xk A5 i 5 A

1.4 HEEAIE

JH Microsoft Office Excel 2016 /3#r8dE Kt 2%,
Origin 2018 1E .

2 HER55H
2.1 BiEEEMELIENMLT
2.1.1 @&igEAeyitdF

S3INEEE 10 mg/L 1Y EBRERARUERSTE Metrosep A
Supp 4 (250 mmx*4 mm, 9.0 um) . Metrosep A Supp 5 (250 mmx
4 mm, 5.0 pum)F1 Metrosep A Supp 7 (250 mmx4 mm, 5.0 pm)
3 NI TERE A4 B0, (AR A B A L3R 2. 45
KRR, RARRERTE 3 AT FAY R B[R] 43 51 58
40 min, HAEAEWNEWHERAL(LE 1), HHEKT
Metrosep A Supp 5 Hl Metrosep A Supp 7 ¥, f@AMRELTE
Metrosep A Supp 4 A1_F (%R 84 B B 45, X AT B2 R
Metrosep A Supp 4 FEAJIE RIS A 9.0 um, 171 Metrosep A
Supp 5 il Metrosep A Supp 7 AR RIAR R 5.0 um, B1F
BRI, R LE R TE R, 23385 = SRR AR 5 [ 2 A
Z A EAEA, B OR EET AR, HE/NRAR I 23
B R B A AR DR BURL R Y B T, B RS E . B,
W) Ve PE R ] Metrosep A Supp 4 15N HTAE .

2,12 AshAReyik

MK ATEH, AR AR B B A, AF) T2
Froriraide. FbBOR R s A FBC L, LA4Rs
1o SRR (9 IR B B )

TG, £ 1.7 mmol/L IRFRE4N+1.8 mmol/L Jo/KRIR
£4.3.4 mmol/L fER S 44+1.8 mmol/L Jo/KBRERENAN 6.8 mmol/L
IR EN+1.8 mmol/L To/KBRERANIX 3 FhAS[R] Ay s AH X
BRI E] B2 o 25 SR R I, 43 SAH HP R R Bk AR R AR,
TR PR VAR MR BE T i B, e SRR AR A £ B N ) JE I i A2k

B, 50 sA A BB iR SN, TR R A vk
SRIN 3.6 9.0 A1 14.0 mmol/L A ) 5 SRS A 4% 5 Bk Il
SR, YIRS TR R, SRR 1 R
(Al 20 4, (RS2 IR S p D R 4L

®2 IMBEENEIEREN

Table 2 Chromatographic conditions of 3 kinds of columns

[ R T T BlAH i 4/(mL/min) FER/°C FE HEFR/UL
Metrosep A Supp 4 1.7 mmol/L FRER Z #l+1.8 mmol/L JC/KBRER & 1.0 30 20
Metrosep A Supp 5 1.0 mmol/L BB E 4M+3.2 mmol/L JE/KBRER & 0.7 30 20
Metrosep A Supp 7 3.6 mmol/L JC/K BRI EH 0.8 45 20
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Fig.l1 Peak appearance of perchlorate on different ion chromatographic columns
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14.0 mmol/L Je/KBRFREN IR ShAH I A HLE 5], 7351 %
LU 10% B, 10%ZEF 10% BRI AT E0 3L
I, SRKRB, 3 PR DL 40 e SRR SR R Rk
BN R, SRR EERTESZ 2 13, 11 #1013 min,
M7 3 R AL L Z X s i e I (LR 2).
TR EIMA SRR X MEE I RCR . 23l
BB 14.0 mmol/L JL/KBRIREN+10%Z)E . 14.0 mmol/L
ToIKBRTRENA20%ZJEFT 14.0 mmol/L Fo/KRRBREH+25% 2 gt
HIR SRR . M 3 Al 3 RiNRSIAH A AR A B
BFIE] 2051290 11.0, 8.2 F1 7.2 min, 42N 5 R 25%0,
H bR SRR 12T, M55 R 10%F 20%0E, H
PRUGE SV RN o B OR AT . S5 R M, FERRIRER 1A R
A 20% I, BRRE 25 46 5 v SR ER (O AR B I ),
b 121
120

=119t
‘]21

E

11.8

11.7

e E Y . UL e WS AR ALALY 14.0 mmol/L
TCIKBRER EH+20% 215
2.1.3 #FpRGREF

LA R PEREAFL (20, 50, 100, 200, 400, 600,
800, 1000 pL)X SR ER &5 FWTe F IR B4 B Rl 52, 45
BRI YPEREATI<200 uL I, RWELR] 50 pg/L AR
B, BEE IERR ARG, o SRR ER B 1 A
SBEIEIN . YPAAFUY 400 uL i, HAEARELE TR
B JC N R WU R FL(EU) 2023/1442 SR EREIITHE
AIRRAEZOR N TAE T 0.002 mg/ke); HHEREAF 800 pL
i, AR B B I F AR, T ELS T TR R T
BEPREEES, YRR ARRE— R E] 1000 pL i, mAIRER
Hy IS I ARG, I H 5 I R B i,
P ZRESD S WOET TR . IR 800 wL N HEFE AR

C187r

o el
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5 B4 Bt ] /min
E:

4

A5 B4 15} 6] /min
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Ton chromatograms of perchlorate under the influence of different organic additives
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4 84 B8] /min
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Fig.3 Ion chromatograms of perchlorate under the influence of different acetonitrile concentrations
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2.1.4 AShARRIE G LE

AP 0.5, 1.0 A 1.5 mL/min A 6] 03 = B LR
OYEECRIRE . S5, MU HR 0.5 mL/min B, &
R R B BIRCR By, PR, HIGTBHERI S, 7R
HH 1.0 mL/min B, mERRERM R BTRIE ), WIRRCLT,
Ay B E R BN B, FHE 1.5 mL/min B, BARH
WA V) e, (L e SR 11 T e T 2% I D 1) 0 8 P A %,
LM RN, PRIHGESE 1.0 mL/min VE R F SR I IR
2.1.5 B AMeyiriF

KN B WAL ) (10%~95% 2 182 AT LA B 42 1k
FEXT 5 SRR ER AT B F i 4 b, 1 Rk B S AR (3%
CTRFN 4% TR ) I £ TR AR AR B A5 T W [ 450, 25 5 5%
MR R 55 SR A e P E A B . R DL B R AR )
X 2 BRARSE M (4 T B

T 4% LR T SRR E S T 3%, EitE%
IR A% LRI 0 RS B AR AR AR TE €
Bl . SR EH, Me a3 TR E
h 2.0 pg/L I, TCH BRI 5 4% 2 BRI R vh v SRR SR 11
(IR

5 IEF R AR R (2 118 °O)P7), i i R R 1Y
IR FRIREE T 200 °CP®, IR SR K IR 26 & 25 BRI T
FH TR, X 4% T8RRI & AR R A BOK IR ZE T
FAGHEATIRE, SRIE AR . 25 R A B, e AR Eh i
HUWSETERECY 0.5~5.0 pg/L W, drifE TAE MLy Zedt e &
B RN 4% SR KIS 2 T 1 AR
HE A T ORI BE ARG o TR i K 0 228 K T ) v 4
R Eh-4% LIRS WOMA B E R G, PR TKIRZE K- 7
LR T E IR ER R R A 0.5 ng/L F 2.0 pg/L B, B
P . BRI . TOKIRIREN(3.5. 7.0, 14.0 mmol/L)
MEEALHNG.5. 7.0, 14.0 mmol/L)A [ [ 2 57 (4 FFASCR:
HH P 4 AT I, MIETAK, VR, 2 AN B R A
Pk Ay e TR ARUER SR R, RISy, TR R R i ST AH X T B2,
ELEEVERE IS 3) R RO R YRR 4% LRI, R
J 14.0 mmol/L Jo/KARFREAVE M E E R, 4% LR 0.5 ng/L
H12.0 ng/L B AR B TIRUR R, SRR B R AL
Rz, HOLFHAM, T IR o 1 AU H AR M
T o Y] i E R R -4% TRV WORN ] = R -3% L TR T
WP 10 mL 14.0 mmol/L Jo/K BRER SH1E Hy [ & FI I,
PL 3% BRA 4% 8 IV R ARl TAE IR R LR R
I, PILTE 3% BRI 4% L BRI (R T3 A 10 mL
14.0 mmol/L Jo/KBRIR4N, FRISIE I AKIRZET, FIKER
i EAL, ATASE) R RARE LRI, SOR R, R 2
XM AE 3% FR Y, 4% 2 R s SR A ZE K
2.2 FEEFINE
22,1 HRHEEH. B RFAEZER

FH A B SRR A R i R AR B I AR ME VA W, 43
BIBCHIREEWE A 0, 0.5, 1.0, 1.5, 2.5, 3.5, 5.0 ug/L

PIbRIE TAEW, He Y AT AR 56, DL s S dh e 1
85T e MR P R AR AR (X, pg/L), o R R L 5 ¥ I I TETARL(Y)
R AEFRL N AR LR, SRR, MR
KF 0.99, MIEEBEL IN=3 B HIR, fFEE IN=
10 e IR, AILVA VR b i SRR R 8 1 1 Hh B AT o
FRATHI4 0.15 pg/L F1 0.50 pg/L, 4iTF%iR5 H i i i FR
SR b 5 Szl SR T AR dh Rk S AR LU AR
[ B, A i e SR AR A RS B A PR R e 1 PR 430 R
0.15 pg/kg F1 0.50 pg/kg, FARZE R MZE 3,

0.0012 1 gy prsmieee

%H‘Emﬁ%’ﬁf‘r " (T I
3.5 mmol/L JC/K iR - o
0.0010 F 7.0 mmol/L JL /K i T
[ 14.0 mmol/L I /K ik
[ 3.5 mmol/L A S L4
0.0008 | [0 70 mmoVL L4t i
E{é [ 14.0 mmol/L A4 AL
= L
% 0.0006
=
0.0004 -
0 a a Y Na
R 3 55 3
& & & &
NSO N4 A N
‘)\}% Q ‘)\}% b?\e S & Q Q\}% b?\e
Q. Q. K q’. q,. \

TR DN ST e L I WAL BT
P 4 AN[RIEREJ7 0] e S BRER WA TR A B2 1 LL A2 (n=6)

Fig.4 Comparison of the effects of different injection methods on
the peak area of perchlorate (N=6)

222 Wk EFHEE

FERE S B RER S, 4350 ) O 58 A I B 1 &
AR G B FR N 3 A B R B 7K (0.5.,2.0,4.0 pg/L)
F T AR EL B ARV, SELEIE 6 Wk, Rl
SRFNAR XS 5 Ui 2 (relative standard deviation, RSD), %%
FHE 4, HEAREETHECRIERED 83.2%~99.1%
RSD 4 2.7%~9.1%, FFAHai sk
223 ZEFEFF&ENE

EEXF A [ S AR 7 Fhws LR R 0 2 Ak
SRR A P AR R (AT RS A T TR S5 RAERA
AT R RS T BHPESE SR (3 5), T HA 6 Rl R
FE AR S AR TR . R R A
R & A PTG O, 7R 10% A
20% 2 WE, DR — AR SRR B 45 i de i, 29k
1.24 pg/kg F1 0.81 pg/kg, 55 R F4E =T BRI 1045
BIoRMH, BAK HH2R 20%; L 3% R 4% 28R P T
B, B—RKIB ARG REmSBIHR 1.59 pgkeg Al
1.68 ng/ke, 5 RKITBIRILERE S BN 0.75 ngke
0.82 pgrkg, 2 ZUGERIREE W R, BARK BN
20%; TFE S LI E ALY RS s 35 5k, AR
WA IR, BARITE 3% . 4%LTR . 10%L R
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20% L BERHETHY 3 BT, THEZEI LB K 15.576 |
TGRS LEIRE TR IR A PE R, 5 R AR
N v . A e v 15.510 +
WP TR i f i, TR S BRI b I RS 2l
¥ LRI T R EG: 2EFTA TS 3 VTR I, 2 1sama |
WSS R 2 BT AR B U B M T T AR . Pl 5 2 2
SR A IR R M AE 10% Z BER IR Y 2 1 g 15378 |
(PR TR 8.1 min).
®3 BERLETOAMSRE. BXRY. KMEE. Sl
1 BR #0 E 2 PR ' ' ' ; ' !
Table 3 Linear equations, correlation coefficients, linear ranges, 0 2 4 . 6 . 8 10 12
limits of detection and limits of quantification of perchlorate ions {R 1] fmin
Branti) Lh bR AHRREL LM bR ERR El 5 FBAZHBHERE 10%2ZBEP AR E T OikE
PR (@) /(ug/L)  /(ug/kg) /(ng/keg) Fig.5 Ion chromatogram of perchlorate in a polyvinyl chloride
K Y=0.0309X+0.0005 0.9984  0.5~5.0 0.5  0.50 sample in 10% ethanol
3%ZBR  Y=0.0240%X+0.0004 0.9985 0.5~5.0 0.15 0.50 PRE
4% 1R Y=0.0264%+0.0006 0.9974 0.5~5.0 0.15 0.50 3 =% -l:e
10%Z. % Y=0.0270X+0.0006 0.9988  0.5~5.0  0.15 0.50 e - S e A
20%Z % Y=0.0269X+0.0005 0.9975 0.5~5.0  0.15 0.50 AL T ORI BRI £ 2 ik
50%Z. B Y=0.0251X+0.0007 09972 05~50 0.5 050 FHEBRHR] G bR SRR T R B A A | S L
O%LME Y-0.0049K:0.0004 09968 0550 015 00 i SHAGRIL, LA AR, B RS
e . 5 Pk R A E B BRB15 3 0.15 pg/kg A1 0.50 pg/kg, 5
£ BRMEETERRAAT FORERAERO) o HVERHIRIPIIES 0.15 ugke 11050 ughe, 2
Table 4 Recoveries and precisions of perchlorate ion at 25 & GB 9685—2016 FIERHE I AL(EU) 2023/1442 AR 1 2L
different spiked levels (n=6) Ko ZITIEBAEE, REUZ S, K% AR YT, At
BRI GER)  BIKF/ (ng/ke) Eg%/%  RSDs/% e R B SR A S (S T AR5
K 0.5 91.2~93.2 5.1
/] 2.0 93.9~95.5 4.5 % \
4.0 96.5~99.1 3.8 BELH
0.5 83.5~85.4 8.2 .
3%Z. 1% 5.0 84.2-86.8 75 [1] MAFFINI MV, TRASANDE L, NELTNER TG. Perchlorate and diet:
4.0 84.9~91.1 6.5 Human exposures, risks, and mitigation strategies [J]. Current
. N 0.5 83.4~85.7 9.1 Environmental Health Reports, 2016, 3: 107-117.
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